Green cotton (Gossypium hirsutum L.) fibers were shown by electron microscopy to have numerous thin concentric rings around the lumen of the cell. These rings possessed a lamellar fine structure characteristic of suberin. LiA1D4 depolymerization and gas chromatography-mass spectrometry analysis showed the presence of a suberin polymer in the green cotton with the major aliphatic monomers being w-hydroxydocosanoic acid (70%) and docosanedoic acid (25%). Ordinary white cotton was shown by chemical and ultrastructural examination to be encircled by a thin cuticular polymer containing less than 0.5% of the aliphatic components found in green cotton.
Ordinary white cotton is thought to be derived from cotton with green or brown-colored fibers (14) . Green cotton fibers are quite distinct from white fibers in that they have a smoother texture and they contain 14 to 17% organic solvent extractable material compared to the 0.6% extractables found in white cotton (2) . We present here a combined ultrastructural and chemical analysis which indicates that the fibers of green cotton contain a suberin polymer laid down in a series of concentric rings within the cell wall. Preliminary results were contained in a poster presentation (16) .
MATERIALS AND METHODS
Cotton (Gossypium hirsutum L.) seeds from an unknown green linted accession from the Regional Collection at Stoneville, Mississippi and ordinary white cotton cv Acala SJ-1 were planted on the grounds at the Southern Regional Research Center, New Orleans, LA, and bolls from these plants were picked just before they ripened (dehiscence). Portions of seedcoats with attendant fiber cells were fixed in 2% glutaraldehyde prepared in 50 mm cacodylate buffer (pH 7.0) that contained one drop of Triton X-100 per 50 ml of fixative. After fixation overnight, the tissues were rinsed in cacodylate buffer and post-fixed in 1% OsO4 dissolved in 50 mm cacodylate buffer (pH 7.0). The Green cotton and ordinary white cotton fibers were extracted with CHCI3 and then with CH30H in a Soxhlet extractor, powdered with a Wig-L-Bug amalgamator, extracted again with CHCI3 and then with CH30H. Portions (0.5 g) of each sample were depolymerized with LiA1D4 and the released monomers were recovered, trimethylsilyl derivatives were prepared and analyzed by combined GC-MS (Hewlett Packard 5840A/5985) as described previously (13) . The first Soxhlet extract of the cotton fibers was used for wax analysis (6) .
Seeds ofboth green and ordinary white cotton were thoroughly delinted and imbibition was measured by determining the weight gain at hourly intervals for 24 h (5). Seed coats were removed, dried, Soxhlet extracted, powdered, extracted again, depolymerized and analyzed by GC-MS as above.
Portions (1.0 g) of powdered and extracted green and white cotton fibers were subjected to alkaline nitrobenzene oxidation and the phenolic aldehydes which were released were derivatized, analyzed by GC-MS and quantitated by comparing the intensities of the characteristic ions of authentic vanillin acetate (M+-42, m/e 152) and p-hydroxybenzaldehyde (m/e 122) to those found in the spectra of the corresponding acetates released from the cotton samples (7).
RESULTS
Electron microscopic examination of both ordinary white and green cotton fibers revealed that white cotton has a very thin (0.02 Mm) outer cuticle ( Fig. 1) , whereas the green cotton showed a series of concentric rings in the cell wall (Fig. 2 ). Higher magnification of the osmiophilic ring structures of green cotton showed that each ring consisted of a lamellar pattern characteristic of suberin (Fig. 4) . White cotton, on the other hand, showed no osmiophilic structure in the fiber walls (Fig. 3 ).
White and green cotton which had been thoroughly extracted with CHCI3 and CH30H were depolymerized with LiAlD4 in order to determine the composition of their respective aliphatic polymers (Table I) (13 fibers. Wax esters and fatty alcohols were the major classes of the wax obtained from both the green and white cotton fibers. The most distinct difference between the two waxes was that C22 was the major component (54%) in the fatty acids released by BF3/ methanol treatment ofthe wax esters ofthe green cotton whereas C,6 was the major acid (26%) released from the esters of the white cotton wax.
Extracted seedcoats of delinted seeds of green cotton, when depolymerized with LiA D4, released aliphatic monomers with a composition identical to that observed for green cotton fibers (Table I) . Seedcoats of white cotton seeds released aliphatic monomers with the same composition as that released from the white cotton fibers. The green and white seedcoats released 0.33 and 0.07 gg of aliphatic monomers/mg of tissue, respectively. During imbibition of whole delinted seeds, white cotton seeds took up water at a rate 3 times that ofgreen seeds with the weight gains after 10 h being 29 and 9.8%, respectively.
DISCUSSION
The lamellar structures seen throughout the wall of green cotton fibers are characteristic of suberin ultrastructure and probably are due to alternating layers of wax and polymeric material (1 1, 12) . The thin outer osmiophilic layer which encircles the cell wall of white cotton fibers has the amorphous appearance typical of a cutin polymer (9) and has previously been described (15) .
Suberin is thought to be a polymer composed of aliphatic and aromatic domains (9). The aliphatic components frequently include large proportions of very long chain (>C,8) monomers and also of w-hydroxy and dicarboxylic acids. The composition of the aliphatic components of the polymer in green cotton fibers presented here is thus very characteristic of suberin. This composition is rather unusual in that the C22 chain length is so dominant (95.5%) among the monomers ofthe polymer. In most suberin polymers previously analyzed, the most dominant chain length had been either C,6 or C, 8 (8, 10) . Additionally, no single monomer had previously been reported to be more than 45% of the total aliphatic components of a suberin, whereas in the present case w-hydroxydocosanoic acid constitutes 70% of the aliphatic components of the green cotton polymer. The composition of the aliphatic polymer found in ordinary white cotton fibers is characteristic of a cutin polymer since there is a large proportion ofpolar acids with a preponderance ofdihydroxyhexadecanoic acid, the most common cutin component (9).
The small amount of aliphatic monomers (0.03 Ag/mg tissue) released from the white cotton correlates well with the fact that the cuticle is only 0.02 gm thick. The green cotton contained 208 times as much polymeric aliphatics (6.25 Ag/mg) in agreement with the observation that there are suberized rings throughout the cell wall of the green fibers.
Although the aromatic domains of suberin have not been well defined (9), release of p-hydroxybenzaldehyde and vanillin by nitrobenzene oxidation has been found to be a characteristic of such suberin domains (3, 7) . The observed release of 12 times as much vanillin and p-hydroxybenzaldehyde from the polymer of the green cotton as from the white cotton is, therefore, an additional indication that the cell walls of the green fibers are suberized.
The composition of the aliphatic monomers released by LiAlD4 depolymerization of the seedcoats of the cotton seeds indicates that there are cutin and suberin polymers in the white and green varieties, respectively. Although neither the localization within the seedcoat nor the ultrastructure of suberin was examined in the present case, it is probable that at least the chalazal region of the green cotton seedcoat is more heavily suberized than the corresponding region of white cotton. This possibility is supported by an earlier report that the seeds of wild, but not domestic, cotton have a water-repellent deposit over the chalazal region of the seedcoat (1) . Such suberization could also explain the observed 3-fold difference in imbibition rate between seeds ofthe green and white varieties. The function ofthe suberin in the green cotton fiber is unknown.
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